In this trial, we included 200 mothers who were positive for hepatitis B e antigen (HBeAg) and who had an HBV DNA level higher than 200,000 IU per milliliter. Participants were randomly assigned, in a 1:1 ratio, to receive usual care without antiviral therapy or to receive TDF (at an oral dose of 300 mg per day) from 30 to 32 weeks of gestation until postpartum week 4; the participants were followed until postpartum week 28. All the infants received immunoprophylaxis. The primary outcomes were the rates of mother-to-child transmission and birth defects. The secondary outcomes were the safety of TDF, the percentage of mothers with an HBV DNA level of less than 200,000 IU per milliliter at delivery, and loss or seroconversion of HBeAg or hepatitis B surface antigen at postpartum week 28.
RESULTS
At delivery, 68% of the mothers in the TDF group (66 of 97 women), as compared with 2% in the control group (2 of 100), had an HBV DNA level of less than 200,000 IU per milliliter (P<0.001). At postpartum week 28, the rate of mother-to-child transmission was significantly lower in the TDF group than in the control group, both in the intention-to-treat analysis (with transmission of virus to 5% of the infants [5 of 97] vs. 18% [18 of 100], P = 0.007) and the per-protocol analysis (with transmission of virus to 0 vs. 7% [6 of 88] , P = 0.01). The maternal and infant safety profiles were similar in the TDF group and the control group, including birth-defect rates (2% [2 of 95 infants] and 1% [1 of 88], respectively; P = 1.00), although more mothers in the TDF group had an increase in the creatine kinase level. After the discontinuation of TDF, alanine aminotransferase elevations above the normal range occurred more frequently in mothers in the TDF group than in those in the control group (45% [44 of 97 women] vs. 30% [30 of 100], P = 0.03). The maternal HBV serologic outcomes did not differ significantly between the groups.
CONCLUSIONS
In a cohort of HBeAg-positive mothers with an HBV DNA level of more than 200,000 IU per milliliter during the third trimester, the rate of mother-to-child transmission was lower among those who received TDF therapy than among those who received usual care without antiviral therapy. (Funded by Gilead Sciences; ClinicalTrials.gov number, NCT01488526.)
A BS TR AC T

Tenofovir to Prevent Hepatitis B Transmission
in Mothers with High Viral Load C hronic hepatitis B virus (HBV) infection remains a serious threat to public health and is associated with cirrhosis and liver cancer. 1, 2 Although long-term antiviral therapy can reduce the severity of cirrhosis and the incidence of liver cancer, the eradication of HBV is rare. 1, 3 Thus, the prevention of HBV transmission is the most effective way to reduce the global burden of hepatitis B infection and liver cancer. 4, 5 Pregnant mothers with chronic HBV infection can vertically transmit HBV to their infants, [6] [7] [8] and if untreated, chronic HBV infection will develop in 80 to 90% of infants born to mothers who are positive for hepatitis B e antigen (HBeAg). 9, 10 The combination of postnatal passive and active immunization reduces the rate of mother-to-child transmission from 90% to 10%. 4, 5, 9, 11 However, immunoprophylaxis fails in 10 to 30% of infants born to mothers with an HBV DNA level of more than 6 log 10 copies per milliliter, [12] [13] [14] [15] [16] [17] [18] which contributes to many cases of vertical transmission in areas in which HBV is endemic and further increases the global prevalence of chronic HBV infection. 4, 19 A small but growing body of evidence has suggested that antiviral treatment may reduce the risk of mother-to-child transmission among mothers with an HBV DNA level of more than 6 log 10 copies per milliliter, although quality studies are lacking and the existing studies have shown conflicting results. 5, 13, 14, 17, [20] [21] [22] [23] In a nonrandomized study conducted by Chen et al. that involved 62 mothers treated with tenofovir disoproxil fumarate (TDF) and 56 untreated mothers, 23 2 infants born to TDF-treated mothers received a diagnosis of chronic HBV infection (at 6 months and 12 months), which resulted in similar rates of mother-to-child transmission in the TDF group and the untreated group at the end of the study (3% [2 of 65 infants] and 11% [6 of 56], respectively; P = 0.14). 23 Furthermore, these studies have low quality scores, according to recent World Health Organization (WHO) guidelines. 5 Because the panel concluded that the efficacy of adjuvant maternal antiviral treatment during pregnancy remains unclear, the WHO guidelines make no recommendation regarding the use of antiviral therapy to prevent mother-to-child transmission. 5 In this context, TDF, a nucleotide analogue and a potent inhibitor of HBV polymerase, 1, 3, 24, 25 may be useful for preventing mother-to-child transmission, [21] [22] [23] [24] 26 which is a critical step toward the global eradication of HBV and a reduction in the incidence of liver cancer. 4, 27, 28 Therefore, we designed the current randomized, controlled trial to determine the efficacy and safety of TDF therapy in mothers who have an HBV DNA level of more than 200,000 IU per milliliter.
Me thods
Trial Design
We used a multicenter, open-label, randomized, parallel-group design for this trial. From March 2012 through June 2013, patients were recruited from academic tertiary care centers (their standard of care is described in Section 1 in the Supplementary Appendix, available with the full text of this article at NEJM.org) in five geographic regions of China (east, south, west, north, and southwest). Enrollment at each center was performed with the use of blocks and randomized for sample balance. Using a randomization table, we randomly assigned 200 mothers, in a 1:1 ratio, to receive usual care without antiviral therapy or to receive an oral dose of 300 mg of TDF (Viread, Gilead Sciences) daily, starting from 30 to 32 weeks of gestation until postpartum week 4. The participants were followed until postpartum week 28. Adherence to the TDF regimen was monitored by means of pill counts at each visit.
Before delivery, all the mothers were followed every 4 weeks for assessment of adverse events and laboratory results (chemical and hematologic tests, liver-function tests, and HBV DNA levels). After delivery, all mother-infant dyads were evaluated at postpartum weeks 4, 12, 24, and 28. In addition, mothers in the TDF group attended visits at postpartum weeks 8 and 16 to monitor any adverse events after the cessation of TDF at postpartum week 4. Mothers were instructed not to breast-feed their infants during the period in which they were receiving TDF treatment. 29 All the infants received 200 IU of hepatitis B immune globulin intramuscularly and 10 μg of the HBV vaccine (GlaxoSmithKline) within 12 hours after birth. 4, 5, 11 The same dose of active or passive immunization was administered at week 4, which was followed by an additional HBV vaccination at week 24. 4, 5, 11 Resistance surveillance was performed with the use of direct HBV genome sequencing when patients had a virologic breakthrough or prema- turely discontinued TDF between baseline and postpartum week 4. 1 Patients who discontinued TDF and had an alanine aminotransferase level that was above the upper limit of the normal range (40 U per liter) were monitored every 4 weeks for 12 weeks or until the alanine aminotransferase level normalized, whichever was longer. Antiviral treatment was resumed in patients who had a persistently elevated alanine aminotransferase level. 1, 30 
Trial Oversight
This trial was designed by the first author and was approved by the independent ethics review board at each site (Section 2 in the Supplementary Appendix). The trial was performed in accordance with the International Conference on Harmonisation Good Clinical Practice guidelines and the Declaration of Helsinki. During the trial period, an external independent data and safety monitoring committee reviewed the safety results. All the authors vouch for the veracity and completeness of the data and analyses presented. There was no agreement regarding data confidentiality between the sponsor (Gilead Sciences) and the authors or the participating institutions. TDF was provided by Gilead Sciences, which had no part in the design or performance of the trial, in the data analysis, in the writing or editing of the manuscript, or in the decision to submit the manuscript for publication.
Participant Population
Eligible participants were pregnant women 20 to 35 years of age who had chronic HBV infection, were HBeAg-positive, had an HBV DNA level of more than 200,000 IU per milliliter, and were willing and able to provide written informed consent and adhere to the trial protocol (available at NEJM.org). The exclusion criteria were the following: coinfection with human immunodeficiency virus (HIV) type 1, hepatitis C virus, or hepatitis delta virus; a history of abortion, pregnancy loss, or congenital malformation in a previous pregnancy; previous treatment for HBV infection (except when antiviral agents were used for the prevention of mother-to-child transmission during a previous pregnancy and discontinued >6 months before the current pregnancy); a history of renal dysfunction; evidence of hepatocellular carcinoma or liver decompensation; a creatinine clearance of less than 100 ml per minute; a hemoglobin level of less than 8 g per deciliter; a neutrophil count of less than 1000 per cubic millimeter; an alanine aminotransferase level of 5 or more times the upper limit of the normal range; a total bilirubin level of 2 mg or more per deciliter (34 μmol per liter); an albumin level of less than 2.5 g per deciliter; clinical signs of threatened miscarriage; ultrasonographic evidence of fetal deformity; concurrent treatment with nephrotoxic drugs, glucocorticoids, cytotoxic drugs, nonsteroidal antiinflammatory drugs, or immune modulators; and presence of chronic HBV infection in the biologic father. For full details regarding the trial design, see the protocol and the statistical analysis plan.
Outcomes
The primary outcomes were the rates of motherto-child transmission and birth defects with or without TDF exposure. The rate of mother-tochild transmission was defined as the proportion of infants who had a serum HBV DNA level of more than 20 IU per milliliter (i.e., above the lower limit of detection) or who were positive for hepatitis B surface antigen (HBsAg) at 28 weeks. During the prenatal period or the postnatal period up to 28 weeks of age, cases of a structural defect in newborns or infants were reported as birth defects. The surveillance of birth defects was conducted by a clinical examination during each visit, and further imaging or other tests were performed if indicated. The birth-defect rate represented the proportion of infants with a defect among all live births.
The secondary efficacy outcomes were the percentage of mothers who had an HBV DNA level of less than 200,000 IU per milliliter at delivery and the percentage of mothers with HBeAg or HBsAg loss or seroconversion at postpartum week 28. The secondary safety outcomes were the adverse-event profile of TDF in the mothers and safety events in the mother-infant dyads, which included all adverse events and drug discontinuations in patients who received at least one dose of TDF.
In the trial protocol, an alanine aminotransferase level that was more than 5 times as high as the baseline level or more than 10 times above the upper limit of the normal range, with or without associated symptoms, was considered to be a clinically significant adverse event that required more frequent monitoring. Any con- firmed elevation in the alanine aminotransferase level was considered to be a serious adverse event if it occurred in conjunction with an increase in the total bilirubin level of 2 mg or more per deciliter from baseline, an increase in the prothrombin time of 2 seconds or more from baseline, an increase in the international normalized ratio of 0.5 or more from baseline, or a decrease in the albumin level of 1 g or more per deciliter from baseline. The direct genomesequencing method was used to monitor viral genotypic mutations in the patients. Both perinatal and postpartum complications were included in the safety analysis.
Statistical Analysis
In the intention-to-treat analysis of the rates of mother-to-child transmission, we included all enrolled patients, except those who withdrew consent before initiation of the assigned treatment. Patients who were lost to follow-up or who discontinued treatment were counted as having treatment failure. In addition, we performed a per-protocol analysis that excluded patients who withdrew consent, were lost to follow-up, or discontinued treatment for any reason. To analyze the rate of mother-to-child transmission with a reasonable sample size, we calculated that a cohort of 200 patients would need to be enrolled for the trial to have at least 85% power to detect an absolute difference of 18 percentage points in the rate of infection among infants, assuming a rate of mother-to-child transmission of 20% in the control group, at a two-tailed alpha level of 0.05. 14, 17, 20 The characteristics of the patients at baseline, the number of infants with birth defects, and adverse events were reported with the use of descriptive statistics, which included percentages, means with standard deviations, medians with interquartile ranges, and 95% confidence intervals. Student's t-test, the chi-square test, and Fisher's exact test were used to compare qualitative and categorical variables, and P values of less than 0.05 were considered to indicate statistical significance. All P values and confidence intervals were based on two-tailed tests. In addition, the effects of TDF on maternal viremia and serologic results were evaluated by comparing the TDF group with the control group, and we used the pooled data from each group. All the data were analyzed with the use of SPSS software, version 17.0 (SPSS). No interim analyses were performed, other than summaries of the safety data for the monitoring committee.
R esult s
Participants
Among 216 mothers who were screened, 200 were enrolled in the trial and underwent randomization. The most common reason for nonenrollment was a serum HBV DNA level of less than 200,000 IU per milliliter. After randomization, 3 women in the TDF group withdrew consent before the baseline visit; therefore, 97 patients received at least one dose of TDF. A total of 180 mother-infant dyads completed the study (Fig. 1) .
The maternal characteristics at baseline were similar in the TDF group and the control group ( Table 1) . The mean (±SD) duration of TDF therapy before delivery was 8.57±0.53 weeks. The characteristics of the infants at birth were similar in the two groups (Table 1) , except for HBeAg-positive status and a detectable level of HBV DNA in serum, which were observed in significantly fewer infants in the TDF group than in the control group.
Efficacy Assessment in Mothers
At delivery, the median HBV DNA level was significantly lower in the TDF group than in the control group (4. to reduction in viral load. Among the 31 patients who did not have an HBV DNA level of less than 200,000 IU per milliliter at delivery, 19 (61%) had had a baseline HBV DNA level of more than 8 log 10 IU per milliliter and 6 (19%) had missed two to seven doses of TDF before delivery. The mean decrease in the HBV DNA level in these 31 patients was 1.7 log 10 IU per milliliter, and 39% (12 women) had a level of 200,000 to 1,000,000 IU per milliliter. During the trial, one mother in the TDF group had HBeAg seroconversion and HBsAg loss. Four patients in the control group had HBeAg loss, including three in whom antibodies to HBeAg developed and one who had HBsAg seroconversion. The serologic outcomes did not differ significantly between the groups.
Efficacy Assessment in Infants
Among the 183 delivered infants, 180 completed the trial, including 92 infants in the TDF group and 88 in the control group. All the infants who completed the trial received 10 μg of the HBV vaccine within 6 hours after birth, two additional vaccinations at weeks 4 and 24, and 200 IU of hepatitis B immune globulin intramuscularly at birth and at week 4. At 28 weeks, the rate of mother-to-child transmission was significantly lower among infants born to mothers in the TDF group than among infants born to mothers in the control group (Fig. 2) . In the intention-totreat analysis, the rate was 5% (95% CI, 1 to 10; 5 of 97 infants) in the TDF group versus 18% (95% CI, 10 to 26; 18 of 100 infants) in the control group (P = 0.007); in the per-protocol analysis, the rate was 0% (95% CI, 0 to 3; 0 of 92 infants) in the TDF group versus 7% (95% CI, 2 to 12; 6 of 88 infants) in the control group (P = 0.01).
In the intention-to-treat analysis, there were five cases of treatment failure in the TDF group (in 5 of 97 women), including one case of stillbirth at 36 weeks of gestation, one case of withdrawal from the study, one case of newborn death, and two cases in which the infants were lost to follow-up (both were HBsAg-negative at the last visit). Among 18 infants in the control All births were singleton births. TDF denotes tenofovir disoproxil fumarate. group who were considered to have had immunoprophylaxis failure, 6 were infected with HBV at the age of 28 weeks and 12 were lost to follow-up because the mother withdrew consent before delivery. All the infants who were infected at week 28 were born to mothers in the control group whose HBV DNA level was more than 200,000 IU per milliliter at delivery. At birth, all 6 of these infants had viremia, including 4 who were HBsAg-positive. At week 28, all 6 infants had viremia and were HBsAg-positive.
Maternal and Fetal Safety
One mother in the TDF group (1%) withdrew from the trial owing to grade 2 nausea. No patients discontinued TDF owing to a lack of efficacy. Before postpartum week 4, a total of 5 women in the TDF group (5%) had viral rebound, including 4 who did not adhere to the treatment regimen and 1 who discontinued TDF voluntarily. Direct genome sequencing of samples obtained from these patients revealed that their isolates were all genotype C wild-type with no genotypic mutations. At postpartum week 4, all the mothers in the TDF group discontinued therapy per protocol, and viral rebound was observed in 89% (85 of 95 women), although no clinically significant events other than alanine aminotransferase flares as defined by the protocol were reported. The maternal adverse events are summarized in Table 2 . Two significant differences between the groups were detected. The first significant difference was a higher frequency of an elevation in the creatine kinase level among mothers in the TDF group than among those in the control group (7% vs. 0, P = 0.006); all the elevations were of grade 1 or 2, with levels increasing to 3 or fewer times the upper limit of the normal range.
31 These events were reported as nonclini- (3) 15 (17) * Plus-minus values are means ±SD. The only significant differences between the two groups were positivity for hepatitis B e antigen at birth (P<0.001) and detectable hepatitis B virus (HBV) DNA at birth (P = 0.002). TDF denotes tenofovir disoproxil fumarate. † The upper limit of the normal range for maternal alanine aminotransferase is 40 U per liter. ‡ Blood samples were obtained from the newborns' peripheral vein or artery. The lower limit of detectable HBV DNA was 20 IU per milliliter. The upper limit of the normal range for alanine aminotransferase in infants is 40 U per liter. cally significant events because all patients were asymptomatic and had normal electrocardiograms. The second significant difference was a higher frequency of elevations in the alanine aminotransferase levels in the TDF group than in the control group after women in the TDF group ceased taking TDF (45% in the TDF group vs. 30% in the control group, P = 0.03). Section 3 in the Supplementary Appendix shows the dynamic changes in the alanine aminotransferase levels. In the TDF group, a 21-year-old woman had a stillbirth (with no observed congenital defects); this patient had had a pregnancy that ended in fetal death 2 years earlier, although she did not disclose this information during the screening. In the current pregnancy, pruritus and jaundice developed in this patient at 32 weeks of gestation; these symptoms abated after ursodiol treatment. However, fetal death occurred at 36 weeks of gestation, after the mother had episodes of lower abdominal pain. Another patient in the The intention-to-treat analysis included the infants born to all enrolled participants except for women who withdrew consent before the initiation of treatment. The per-protocol analysis excluded infants born to women who withdrew consent, were lost to follow-up, or discontinued treatment for any reason. TDF group had an alanine aminotransferase level that was more than 10 times the upper limit of the normal range at postpartum week 28, although the level normalized after she resumed antiviral therapy. Three patients in the control group had an alanine aminotransferase level that was more than 10 times the upper limit of the normal range, and all cases occurred within 4 weeks post partum. These alanine aminotransferase flares resolved after the initiation of antiviral therapy, although none of these patients had HBeAg seronegativity or seroconversion during or after the alanine aminotransferase flares. 
Infant Safety
Among the 183 liveborn infants, there were no significant differences between the TDF group and the control group with regard to fetal development and infant growth. The gestational age, delivery mode, weight, height, and Apgar score at birth were similar in the two groups (Table 1) . At postpartum week 28, the mean body weight of the infants with exposure to TDF was similar to that of the infants in the control group (9.12±1.33 kg and 9.25±1.46 kg, respectively; P = 0.51), as were the height (69.41±3.57 cm and 69.21±3.84 cm, respectively; P = 0.72) and the head circumference (44.22±2.37 cm and 44.0±2.16 cm, respectively; P = 0.52). The frequency of congenital deformity or defect was 2% (95% CI, 0 to 7) among infants with TDF exposure and 1% (95% CI, 0 to 6) among those in the control group (P = 1.00). One fullterm newborn was delivered with the use of forceps from a mother in the TDF group who had declined a cesarean section; this infant died on day 2 from intracerebral hemorrhage and aspiration pneumonia. All the mothers reported following the instruction not to breast-feed. The incidences and natures of the adverse events among the infants were similar in the two groups (Table 3) . Three infants with pneumonia or bronchitis required hospitalization but subsequently recovered after a short course of antibiotic treatment.
Discussion
Studies have shown a linear association between vertical transmission and maternal log 10 viral load, 7, 12, 15 although mother-to-child transmission is much less likely when the maternal HBV DNA level at delivery is less than 200,000 IU per milliliter than when the level is 200,000 IU or more per milliliter. 7, 12, 13, [15] [16] [17] [20] [21] [22] [32] [33] [34] Six nonrandomized prospective studies and one randomized trial have evaluated antiviral therapy during pregnancy. 13, 14, 17, 20, 22, 23, 35 However, these studies were of low quality and showed conflicting results regarding whether antiviral therapy prevented mother-to-child transmission. 5 For example, in a randomized trial of lamivudine, more than 30% of the patients were lost to follow-up and the per-protocol analysis showed that lamivudine was not effective. 14 The finding of Chen et al. that TDF was effective remains questionable 23 because mother-to-child transmission was evaluated within the month after vaccination.
11, 36 In addition, TDF was not significantly effective if the intention-to-treat analysis would have been performed at 6 months (3% [2 of 66 participants] in the TDF group and 12% [7 of 57] in the control group, P = 0.08, as calculated by the first author of the present trial), and TDF did not affect the rate of mother-to-child transmission in the per-protocol analysis by the authors at the 12-month follow-up. 23 In contrast, the current study showed that 68% of the TDF-treated mothers had the target HBV DNA level at delivery, which indicates that TDF reduced maternal viremia. Furthermore, the intention-to-treat analysis and the per-protocol analysis both showed that TDF was effective in lowering the rate of mother-to-child transmis- * There were no significant differences between the two groups in these variables (all P≥0.05). † The frequency of congenital deformities or defects among infants who had exposure to TDF (one infant each with umbilical hernia and torticollis) did not differ significantly from that among infants in the control group (2% [95% CI, 0 to 7] vs. 1% [95% CI, 0 to 6], P = 1.00). sion. Although the serologic status of the mother did not differ between the trial groups, this result is not unexpected, because patients received only approximately 12 weeks of antiviral therapy. In previous phase 3 trials of TDF, after 1 year of treatment, the HBeAg seroconversion rate was 21% and the HBsAg seronegativity rate was 3%. 25 The Antiretroviral Pregnancy Registry study recently analyzed data from 17,332 mothers who received antiviral therapy, including data from 4013 women who received TDF during pregnancy. 37 The rate of birth defects among the infants with exposure to TDF was 2.4% (95% CI, 1.8 to 3.0), which was similar to the rate in the general population (2.7%). 37 However, the mothers in that registry were typically infected with HIV type 1, and only 1.5% had HBV monoinfection. Although we observed a similar rate of birth defects of 2% (95% CI, 0 to 7) among infants with exposure to TDF, the current study was underpowered to evaluate potentially small differences in birth-defect rates. Furthermore, the postpartum cessation of TDF requires close monitoring.
In conclusion, during a 28-week postpartum follow-up, we found that in a cohort of mothers with an HBV viral load of more than 200,000 IU per milliliter at 28 weeks of gestation, the rate of mother-to-child transmission of HBV was lower among mothers who received TDF therapy than among those who received usual care without antiviral therapy.
